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Summary. The content of C and N in green leaves, withdrawal of these elements from leaves to 
twigs in autumn, and their transfer to soil were analysed in tree forest communities such as mixed 
forests, oak-hornbeam forests and alderwoods. Two patterns of nutrient transfer from leaves to 
soil are distinguished. The first one is characteristic of alderwoods, where the whole C and N 
content returns to soil and is recycled. The second pattern is characteristic of mixed forests where 
only an insignificant amount of nutrients (particularly N) is transferred to soil, the major part 
being withdrawn from leaves and retended in twigs. As a result, in mixed forests smaller amount 
of organic matter, which is scarce in N, returns to the soil, while in the alderwoods it is larger and 
rich in N 


According to the generally accepted pattern of nutrient transfer from plants 
to soil in forest ecosystems, the whole or almost the whole content of leaf biomass 
produced is returned to the soil in the form of autumnal leaf fall. Duvigneaud 
and Denaeyer [2], for example, follow this pattern in their synthesis works сопсет- 
ned with forests of the temperature zone. The objective of the present paper was 
to show several patterns of N and C transfer in forest ecosystems in relation 
to the exchange capacity of soil and to the activity and trophic structure of 
heterotrophs. 

The study was carried out in six forest communities of the Kampinos National 
Park. They were classified into three groups: 1) mixed forests, which included a pine- 
wood, Vaccinio myrtilli-Pinetum and an oak-pine forest, Pino-Quercetum, 2) two 
oak-hornbeam forests, Tilio-Carpinetum. 3) wet alderwoods, composed of an alder- 
ash carr, Circaeo-Alnetum, and a typical wet alderwood, Carici elongatae-Alnetum. 
All these communities were situated on loose sands, thus they were comparable 
as far as their original underlying rock is concerned. In these habitats such para- 
meters were measured as the biomass of green and falling leaves, С and М content, 
withdrawal rate of these elements from dying leaves into the twigs, and the exchange 
capacity of soil. In addition, the biomass of litter heterotrophs, their trophic struc- 
ture, and activity, expressed as a rate of litter disappearance were analysed. The 
methods are described in earlier papers [5, 6]. 

[127] 


128 J. В. Zimka, А. Stachurski 


The content of C in green leaves of the mixed forests and alderwoods was simi- 
lar and approximated to 1800 kg/ha/year. This suggests that the ecosystems under 
study are characterized by a great stability of leaf production. The amounts of 
C transferred with falling leaves to the soil, however, were different in different 
ecosystems. In the mixed forests a large amount of C (about 33%) was withdrawn 
from the leaves, and only a part of it returned to the soil with leaf fall. In the oak- 
hornbeam forests the process of the autumnal withdrawal was less intensive (17% 
of C content in green leaves), and in the alderwoods this value approximated to 
zero. As a result, increasing amounts of C were transferred to the soil in these eco- 
systems (Fig. 1). 
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Fig. 1. Scheme of transfer of carbon to the soil by the plants from three groups of forest in kg/ha/year 


The transfer of N showsa similar regularity along the gradient of habitats under 
study. In the mixed forests only a part of the N content in leaves was transferred 
to the soil. About 71% was withdrawn before the fall of leaves, and only a small 
amount of about 19 kg/ha/year reached the soil. In the oak-hornbeam forests the 
withdrawal was less intensive. From 87 kg/ha/year of N content in the leaves, 45% 
was withdrawn to the plant bodies, and 48 kg/ha/year returned to the soil. In the 
alderwoods only a very small amount of 2% of the total М content was withdrawn, 
thus almost the whole content of N produced in the leaves, about 98 kg/ha/year, 
was transferred to the soil (Fig. 2). 

These results show that two different patterns of nutrient transfer to the soil 
can be distinguished in forest ecosystems. The first, observed in the alderwoods, 
is characterized by the total transfer of nutrients; the whole amount of C and N 
from leaves returns to the soil and is recycled. The second pattern, observed in the 
mixed forests, is characterized by a partial transfer of nutrients from leaves to the 
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Fig. 2. Scheme of transfer of nitrogen to the soil by the plants from three groups of forest in 
kg/ha/year 


soil. The remaining part is accumulated in the plant body, thus it does not return 
to the matter cycle. 

From the point of view of the rate of litter decomposition not only the absolute 
amount of matter transferred to the soil is important, but also proportions of parti- 
cular nutrients, in it. The C:N ratio is of particular importance. Many authors 
suggest that this ratio is responsible for the rate and character of litter decompo- 
sition processes [1, 3, 4]. 

So, it is interesting to compare the N:C ratio for the ecosystems under study. 
In the mixed and oak-hornbeam forests, the rate of N withdrawal was more than 
twice as high as the rate of C withdrawal: in the mixed forests about 71% of N and 
33% of C were withdrawn, in the oak-hornbeam forests 45 and 20%, respective- 
ly. The effects of this selective withdrawal on the quality of falling litter may be 
illustrated by the comparison of the C:N ratio for leaves in the open season and 
falling ones. In the mixed forests, the C:N ratio of falling leaves was considerably 
higher than that of green leaves. In the oak-hornbeam forests the falling leaves were 
less modified. In the alderwoods the chemical composition of leaves was not modi- 
fied at all (Table I). 


TABLE I 


Comparison of the C:N ratio for green and falling leaves in mixed forests, oak- 
hornbeam forests, and alderwoods 


Plant it | РРР Т 
ant community ixed forests | forests erwoods 
C:N green leaves 27.9 | 21.3 18.3 
C:N falling leaves 64.9 i 31.9 18.7 
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Therefore, a plant community can control not only the absolute amount of 
nutrients returning to the soil, but also their proportions. As a result, in the mixed 
forests only small amounts of C and N are transferred to the soil, the proportions 
between these elements being shifted in favour of C. In the alderwoods, which have 
a different regulation system, larger amounts of nutrients are transferred to the soil, 
the C:N ratio being lower. The effect of falling litter quality, measured by the N 
content, on the biomass of litter macrofauna, its trophic structure and the rate of 
litter decomposition were analysed. Also the effect of litter quality on the exchange 
complex of soil, which is formed as a result of a definite activity of heterotrophs, 
was studied. 

The rate of litter disappearance, i.e., its breakdown and mineralisation rate, 
is the general index of the activity of heterotrophs associated with the litter. It was 
the lowest in the mixed forests, higher in the oak-hornbeam forests, and the highest 
in the alderwoods, or in the habitats where the litter transferred from plants is the 
richest in organic nitrogen. The rate of litter disappearance has an effect on the 
biomass of invertebrate fauna on the forest floor. It was low in the mixed forests and 
increased along the gradient. 

It is interesting that the trophic structure of invertebrate fauna varied along the 
gradient of habitats under study. In the mixed forests the proportion of predatory 
forms was high. It decreased with increasing nitrogen content in the oak-hornbeam 
forests, and alderwoods, the predatory forms being replaced by saprophages (Table 
П). Therefore, the trophic structure of invertebrate fauna seemed to be adjusted 
to a slow litter decomposition rate in mixed forests (small proportion of saprophages), 
and to a rapid litter decomposition in alderwoods (high proportion of saprophages). 


TABLE И 


The C:N ratio of falling leaves in relation to litter decomposition rate, biomass of litter macro- 
fauna, its trophic structure, and the exchange capacity of soils in mixed forests, oak-hornbeam 
forests, and alderwoods 


CN i Litter A Wate 
Plant f falli a ii macrofauna predators : Fis 
community Е: alling |disapperance| biomass на се 1 = a 
eaves rate keba REETA | orizons of soi 
Mixed forests 69 | ою | wr | а | 11 
Oak-hornbeam | | | 
forests 31.9 | 0.61 12.3 | 27 | 5.3 
Alderwood 07 | m | м | 19 | 22.7 


The increase of N content in the falling litter, therefore, has significant effects. 
It is accompanied by an increase in the biomass of saprophages, which, in turn, 
is followed by an increase in the rate of litter decomposition. 

The exchange capacity of soils in relation to the increasing rate of litter decom- 
position along the gradient of the habitats can-be characterized in the following 
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way. The degree of the development of soil exchange complex is expressed as the 
percentage of C content in the A, and A, horizons. The exchange complex of mixed 
forest soils is not well developed, while it is still better developed along the gra- 
dient (Table II). 

In sum, it seems that the following relationships can be suggested: 

1. Plant communities due to the possibility of nutrient withdrawal from leaves 
and their accumulation (relation) in twigs can control both the quantity and the 
quality of organic matter input to soil in the ecosystem. 

2. The quality of leaf fall, particularly N content in it, has an effect on the biomass 
and trophic structure of litter invertebrates and consequently, on the rate of litter 
decomposition. 

3. It can be expected that litter decomposition rate, the degree of litter mixing 
with soil, have an effect on the development of exchange capacity of soil. 


The results obtained seem have reference to some important ecological problems. 
The generally accepted model of nutrient to the soil, according to which all nutrients 
contained in leaves are returned to the soil, seems to be valid only for some ecosys- 
tems, such as alder-ash carrs and wet alderwoods. The transfer of nutrients in other 
ecosystems, such as mixed and oak-hornbeam forests, seems to be partial, large 
amounts of nutrients being withdrawn and retended in plant communities. The 
consequences of this processes are of great importance. On the one hand, they 
have a limiting effect on the activity of heterotrophs and, therefore, on the rate 
of nutrient release from the litter. On the other hand, however, they make the plant 
community independent, to some extent, of the trophic conditions in the habitat. 
If, for instance, 70% of nitrogen is withdrawn before the fall of leaves, only 30% 
of N from soil will be needed for the development of leaves in the next season. It 
should be added that the response of many tree species to the trophic conditions of 
the habitat is very flexible; smaller or larger amounts of N can be withdrawn, accor- 
ding to soil resources [6]. It can be concluded from all these facts that the producti- 
vity of forest ecosystems do not have to be directly limited by the trophic conditions 
in the habitat, and plant communities have large regulatory possibilities to become 
independent of this factor. The situation is quite different in the ecosystems where 
primary producers are not composed on long-living organisms but of short-living 
ones, for instance, in aquatic ecosystems. These ecosystems have no such regulatory 
mechanisms, and they are directly limited by available nutrient resources which 
depend on the efficiency of nutrient release from organic matter. 


This is a contribution to the key problem No. 09.1.7. (within the topic: “Pro- 
ductivity of grassy and wood ecosystems”). 
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E. Р. Зимка, А. Стахурски, Регуляция стока С и М в почву в некоторых лесных экосистемах 
и прицессы разложения постилки 


Содержание. В трех типах лесных ассоциаций (бор, дубово-грабовая и заливно-ольховая) 
исследовано: количество С и М в выпродуцированной биомассе листьев, увеличение интен- 
сивности процессов изъятия деревьями этий элементов из листьев, а также количество стока 
этих биогенов в почву. Одновременно определено влияние изобилия С и М в постилке на 
темп её разложения, биомассу находящихся в постилке безпозвоночных и их трофическую 
структуру, а также сорбционные свойства почв. Констатировано, что в лесных экосистемах 
переход биогенов в почву проходит по двум разным схемам: свойственная заливно-оль- 
ховым ассоциациям характеризуется полным переходом С и М из биомассы листьев в почву 
и включением их в круговорот материи. Вторая система, типичная борам, характеризуется 
частичным переходом — только небольшая часть биогенов (особенно М) возвращается 
в почву, большая часть изъятая из листьев нокапливается в растительной системе и не вклю- 
чается в круговорот. 


